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Size and location of thrombus in intact and
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Purpose: This study compared the volume and morphology of intraluminal thrombus (ILT) in intact and ruptured
abdominal aortic aneurysms (AAAs).
Methods: ILT volume in 67 intact AAAs and in 31 ruptured AAAs was assessed by using computed tomography (CT)
angiography to measure the major and minor diameter of the outer wall and lumen of AAA as outlined by contrast at
multiple sites. ILT thrombus morphology was recorded by AutoCAD 2000 software. Four equidistant images traced
from the CT scan were recorded along the length of AAA. Thrombus volume was categorized as anterior-eccentric if the
calculated area of thrombus was greater anteriorly, posterior-eccentric if greater posteriorly, eccentric-equal if the difference
between the anterior and posterior thrombus was <10%, and no thrombus.
Results: Patients were well matched for age, gender, and other demographic variables except hypertension, which was
significantly higher in ruptured AAA group (P  .018). Ruptured AAAs were larger in diameter compared with intact
AAAs (7.3  1.7 cm vs 6.0  1.2 cm, P  .0002). ILT volume was greater in ruptured AAAs (148.9  90.4 cm3)
compared with intact AAAs (92.1 75.6 cm3, P .0031). However, the ILT volume/aneurysm volume ratio was similar
in the two groups (0.49  0.19 in intact AAAs, 0.47  0.18 in ruptured AAAs ; P  .8). Two patients in intact AAA
group and three patients in the ruptured AAA group did not have ILT. Eccentric thrombus was present in 65 of 67 in the
intact group and in 28 of 31 in the ruptured AAA group. Eccentric-anterior thrombus was predominant in both groups
(46 of 67 in intact AAAs; 14 of 31 in ruptured AAAs). Thrombus location was statistically similar in both groups (P 
.101).
Conclusion: Ruptured AAAs are larger in diameter and have a greater volume of thrombus compared with intact AAAs.
However, there was no difference in the thrombus volume/aneurysm volume ratio in the two groups. In both intact and
ruptured AAA groups, the thrombus was usually anterior and eccentric. ( J Vasc Surg 2005;41:584-8.)Rupture of an abdominal aortic aneurysm (AAA) is a
common and catastrophic clinical event associated with
50% to 75% mortality, frequent serious morbidity, and
enormous personal, familial, and societal costs.1-6
Aneurysm-associated mortality is the 13th leading cause of
death in the United States, and the frequency of AAA
rupture has not decreased over time.1-6
The ability to predict the risk of rupture for an individ-
ual patient is limited. AAA diameter is the most commonly
cited variable predicting rupture.7-9 More sophisticated
analyses have linked aneurysm size to anthropomorphic
variables or have integrated AAA size and clinical parame-
ters.7 AAA wall stress, the role of matrix metalloproteins,
and inflammatory mediators are additional factors associ-
ated with the risk of AAA rupture.10-19
The presence of intra-aneurysmal thrombus has been
cited as both a risk factor and a protection against rup-
ture.20-25 We reviewed of our clinical experiences with
intact and ruptured AAA repair to assess the role of intralu-
minal thrombus (ILT) as documented on preoperative
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584computed tomography (CT) scans (volume and morphol-
ogy).
METHODS
Patient population. This study included 67 patients
who underwent elective repair of an AAA and 31 patients
who underwent emergent repair of a ruptured AAA from
September 2000 to March 2004 at two 350-bed hospitals
in suburban Detroit (St. John Macomb Hospital, Warren,
Mich, and St. Joseph Hospital, Clinton Township, Mich).
Approval was obtained from the institutional review board
of both hospitals. CT scans of the abdominal aorta (unen-
hanced and contrast-enhanced) were performed in all pa-
tients undergoing an elective open AAA repair and in
hemodynamically stable patients with a ruptured AAA.
Volume of ILT. The volume of ILT was measured by
a preoperative CT scan of the abdomen in 98 patients
undergoing AAA repair (67 elective repairs and 31 emer-
gent repairs for ruptured AAA). The anteroposterior (AP)
and transverse (Tr) diameters of the aortic aneurysm and
true lumen outlined with contrast enhancement were mea-
sured. Depending on the length of the aneurysm from the
renal artery to aortic bifurcation, 8 to 10 such measure-
ments were recorded. ILT volume was calculated as fol-
lows:
● Area of ellipse    (minor diameter)  (major
diameter)/ 4.
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or segment was recorded at 10-mm intervals.
● Volume of thrombus per segment or disc volume of
outer disc – volume of inner disc.
● Total volume of ILT  sum of volume of each disc.
ILTmorphology. ILTmorphology was analyzed by a
review of the hard-copy films of the CT scan of the abdo-
men in the same 98 patients (67 elective, 31 ruptured
AAAs). Tracing paper was centered over the hard-copy CT
images obtained of the aneurysmal sac. Images were traced
and transferred to computed-aided design (CAD) software
(AutoCAD 2000), and were magnified three times from
the original CT image. Four equidistant measurements
were obtained along the length of the aneurysm sac
(cranial-caudal). CAD software has a feature to calculate
the area of the image in square millimeters (mm2). Mea-
surements of the thrombus volume in four equal quadrants
of the aneurysm sac were recorded for each patient. The
mean thrombus volume in the anterior location was calcu-
lated and compared with the mean thrombus volume in
posterior location.
ILT was categorized as anterior-eccentric if the calcu-
lated area of thrombus with measurement of four images
was greater than the posterior (Figure). ILT was posterior-
eccentric if the area of the thrombus was greater posteriorly;
eccentric-equal if the difference between anterior and pos-
terior thrombus was 10%. Thrombus was considered to
be concentric (encircling the lumen) if the thrombus thick-
ness was equidistant from the outer wall of the aneurysm in
all four quadrants, and no thrombus if ILT volume was
absent.
Statistical analysis. All predictor variables were first
analyzed to help determine if parametric, nonparametric, or
exact statistical test should be used, depending on whether
they met all the distributional assumptions on which the
statistical tests were based.
Continuous variables such as age in years and aneurysm
length were compared using a two-tailed Student t test,
while diameter of the AAA, aneurysm volume, thrombus
volume, and ratio of thrombus/aneurysm volumes were
compared between two groups using the Wilcoxon two-
sample t test approximation.
Categoric variables such as gender, hypertension, dia-
betes mellitus, chronic obstructive pulmonary disease
(COPD), coronary artery disease, and renal failure were
compared between the two treatment groups using the
two-tailed Fischer exact test.
Odds ratios with their corresponding 95% confidence
intervals (CI) were computed wherever appropriate. P val-
ues less than an alpha of 0.05 (probability of type I error)
were considered significant throughout the study. Statisti-
cal analyses were performed using the Statistical Analysis
System (SAS) software for Windows version 8.02 and
Minitab Statistical software for Windows version 13.32.RESULTS
Demographics. Demographics and associated dis-
eases were analyzed in 98 patients (67 in intact AAA group;
31 in ruptured AAA group). Patients were equally matched
for variables such as age, gender, coronary artery disease,
COPD, and chronic renal failure. History of hypertension
was more prevalent in the ruptured AAA group (P 
.0182). There was a trend towards greater prevalence of
COPD in those with ruptured AAA (P  .051). Diabetes
mellitus was more common in the intact group (13 of 67,
19%) than those who had ruptured AAA (0 of 31). Because
there were no patients with diabetes mellitus in the rup-
tured AAA group, an odds ratio cannot be computed
(Table I).
Anatomic variables
Aneurysm length. Aneurysm length was measured by
CTA from the renal artery to the aortic bifurcation. The
length of the AAA was similar in the intact AAA and
ruptured AAA patients (Table II).
Diameter of AAA. Patients in the ruptured AAA
group had larger AP/Tr diameter of AAA compared with
the intact group (P  .0002). The larger of the AP/Tr
diameters was used for analysis (Table II).
Aneurysm volume. Patients in the ruptured AAA
group had a larger aneurysm volume compared with pa-
tients with an intact AAA (P  .0001) (Table II).
ILT volume. ILT volume was significantly greater in
ruptured AAA group compared with the intact AAA group.
The ILT/aneurysm volume ratios were similar in the intact
and ruptured AAA group (P  .810) (Table II).
Morphology of ILT. Sixty-five of 67 patients with an
intact AAA and 28 of 31 patients with ruptured AAAs had
eccentric intraluminal thrombus.
● Concentric thrombus: No patient in the intact AAA or
Magnified tracing of computed tompgraphy image of abdominal
aortic aneurysm obtained from the hard-copy film (third of fourth
images: cranio-caudal) with eccentric-anterior thrombus.ruptured AAA group had concentric thrombus.
ite me
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and three patients in the ruptured AAA group had no
intraluminal thrombus.
● Eccentric thrombus: Most ILT were eccentric. Eccen-
tric-anterior was the predominant type of thrombus in
46 (76.7%) of 67 in the intact AAA group; 14
(45.16%) of 31 patients with ruptured AAAs had
eccentric-anterior thrombus. Eccentric-posterior
thrombus was found in 13 (19.4%) of 67 in the intact
AAA group and in 9 (16.13%) of 31 in the ruptured
AAA group. Eccentric equal thrombus was present in 6
of 67 in the intact group and in 5 of 31 in the ruptured
AAA group. There was no difference in the morphol-
ogy of ILT in either group (Table III).
Site of AAA rupture. The site of rupture of the AAA
was posterior in 24 patients, anterior in 4 patients, and
junction of lateral wall and neck of the AAA in 3, there was
no correlation between the location of thrombus and the
site of the rupture of the AAA (P  .5334).
DISCUSSION
Since the pioneering work of Szilagyi et al8 40 years
ago, maximum AAA diameter has been the most com-
monly used factor to predict the risk of rupture.9 In gen-
Table I. Demographics and physiologic variable
Variables
Intact
AAA
(n  67)
R
Age (yrs) 72.1  5.7
Gender
F 20 (30%)
M 47 (70%)
CAD 33 (49%)
HTN 52 (82%)
COPD 33 (49%)
DM 13 (19%)
Renal failure
(Creatinine 1.5 mg/dl) 4 (6%)I
AAA, Abdominal aortic aneurysm; OR, odds ratio; CI, confidence interval
pulmonary disease; DM, diabetes mellitus.
*Two-tailed Student t test based on unequal variances using the Satterthwa
†Two-tailed Fisher exact test
Table II. Morphologic data
Variable
Intact AA
mean  SD
Diameter AAA (cm)† 6.0  1.2
Volume AAA (cm3) 179.9  114
Aneurysm length (cm) 8.9  1.9
ILT volume (cm3) 92.1  75.6
ILT volume/aneurysm volume ratio 0.49  0.19
AAA, Abdominal aortic aneurysm; ILT, intraluminal thrombus.
Wilcoxon two-sample test using approximation
*Significant.
†Larger of AP/TR diameter.eral, patients with an AAA Tr/AP diameter 5.0 cm inwomen and 5.5 cm in men should undergo surgical repair.
However, aneurysms5 cm in maximal diameter comprise
10% to 24% of ruptured aneurysms in some series.27-29
Other indices of rupture risk have been investigated in
an effort to improve on the limitations of the diameter of
AAA as the only factor in assessing the risk of rupture. Since
aneurysm rupture occurs when local wall stress exceeds the
tensile strength of the aortic wall at a particular site, many
investigators have focused on the role of peak aortic wall
stress in relationship to rupture risk of AAA.10,11,14-19
Finite element analysis, a mathematical technique for de-
termination of wall stress, was initially applied to two-
dimensional models of AAAs.14 This method has under-
gone significant evolution to include theoretic three-
dimensional shapes and, more recently, to the actual AAA
shape obtained from CT images.10,11,15-19
Fillinger et al11 concluded that peak aortic wall stress
was superior to diameter in predicting rupture of AAA.
However, stress analysis is time-consuming, labor-
intensive, and cumbersome to use in clinical practice.
The role ILT plays in rupture of AAA is controversial,
with studies suggesting it may increase rupture risk, de-
crease wall stress, and thus, the risk of rupture or have no
effect.18-26 Studies suggesting that ILT is protective against
ed AAA
31) P OR (95% CI)
 8.9 0.2286*
26%) .8114†
74%)
55%) 0.6673†
97%) 0.0182† 8.65 (1.0882, .8219)
71%) 0.0513† 2.52 (1.0122, 6.2662)
0 0.0080†
(6%) 0.2579†
, coronary artery disease; HTN, hypertension; COPD, chronic obstructive
thod.
Ruptured AAA
mean  SD (n) P
7.3  1.7 (31) 0.0002*
7) 302  158.2 (31) 0000.1*
9.3  1.7 (31) 0.31
) 148.9  90.4 (28) 0.0031*
) 0.47  0.18 (28) 0.81uptur
(n
74.2
8 (
23 (
17 (
30 (
22 (
4
; CADA
(n)
(67)
.2 (6
(67)
(65
(65rupture by reducing peak wall stress were reported by
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al25 using reconstructed models for three-dimensional
AAA geometrics.25
Alternatively, Stenbaek et al21 and Wolf et al22 sug-
gested that ILT predisposes to rupture. Evaluation of at
least two CT scans performed at different times revealed
that increased ILT load is associated with a high likelihood
of expansion and subsequent rupture of the AAA.21, 22As
evidence that ILT has no effect on rupture, Schurink et al20
measured intrathrombotic pressure during open AAA re-
pair and demonstrated that ILT within the aneurysm does
not reduce pressure near the aneurysmal wall and will not
reduce the risk of rupture.
The results of this present study are in agreement with
recent observations of Fillinger et al7 after analysis of two-
dimensional CT scans of the abdomen in 259 patients with
AAA (122 ruptured, 137 elective). The maximum throm-
bus thickness and thrombus circumference was similar in
the intact and ruptured AAA groups.7
The volume of ILT was measured using area of ellipse
and length of aneurysm in the present series. Although the
method for measurement of the thrombus was different in
these two studies, the results are remarkably similar. In the
present study, aneurysm volume and diameter of the aneu-
rysm were larger in ruptured AAAs; however, thrombus/
aneurysm volume ratios were similar in the two groups as
larger aneurysms have a larger load of ILT. There was no
difference in the morphology of ILT between the two
groups. In the intact AAAs and in the ruptured AAAs, the
eccentric-anterior type of ILT was predominant. Our ob-
servations were similar to those of Pillari et al,23 who
reported a preponderance of anterior thrombi in intact
AAAs.
This study has some limitations. All patients in this
study had moderate or larger AAAs (’5 cm in Tr/AP
diameter). All measurements were obtained on a single CT
scan performed for open repair of the AAA or repair of a
ruptured AAA. We did not measure the elastic modular
strength of ILT, or the compliance and biologic activity of
ILT, which may play a role in the aneurysm rupture. A few
patients with ruptured AAAs did not undergo CT scans
because of hemodynamic instability. It is possible that their
anatomic profile might have been different from that re-
ported in the present series of ruptured AAAs.
CT scan data were obtained using conventional two-
Table III. Location of intraluminal thrombus*
Location of ILT
Intact AAA
n (%)
Ruptured AAA
n (%)
Eccentric-anterior 46 (69%) 14 (45%)
Eccentric-posterior 13 (19%) 9 (29%)
Eccentric-equal 6 (9%) 5 (16%)
None 2 (3%) 3 (10%)
P  0.1014
ILT, Intraluminal thrombus; AAA, Abdominal aortic aneurysm.
*Two-tailed Fisher exact test.dimensional techniques. With more sophisticated com-puter technology and serial imaging, the role of ILT in
relation to the rupture of AAAsmay become better defined.
For now and by using contemporary technology, we can
conclude that ruptured AAAs are larger in diameter and
have a greater volume of thrombus compared with intact
AAAs. There is no difference in the ratio of thrombus
volume to aneurysm volume in ruptured or intact aneu-
rysms, and in both groups, the thrombus is usually anterior
and eccentric.
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